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DETAILED ACTION 

Drawings 

The drawings are objected to because Fig. 7B states "SMALL 
UNLOADING ELECTRIC-DISCHARGE COUN". Corrected drawing sheets in 
compliance with 37 CFR 1 .1 21 (d) are required in reply to the Office action to 
avoid abandonment of the application. Any amended replacement drawing sheet 
should include all of the figures appearing on the immediate prior version of the 
sheet, even if only one figure is being amended. The figure or figure number of 
an amended drawing should not be labeled as "amended." If a drawing figure is 
to be canceled, the appropriate figure must be removed from the replacement 
sheet, and where necessary, the remaining figures must be renumbered and 
appropriate changes made to the brief description of the several views of the 
drawings for consistency. Additional replacement sheets may be necessary to 
show the renumbering of the remaining figures. Each drawing sheet submitted 
after the filing date of an application must be labeled in the top margin as either 
"Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1.121 (d). If the 
changes are not accepted by the examiner, the applicant will be notified and 
informed of any required corrective action in the next Office action. The objection 
to the drawings will not be held in abeyance. 
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Claim Rejections - 35 USC § 1 12 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 14-25 are rejected under 35 U.S.C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

Claims 14-21 are rejected under 35 U.S.C. 112, second paragraph, as 
being incomplete for omitting essential structural cooperative relationships of 
elements, such omission amounting to a gap between the necessary structural 
connections. See MPEP § 2172.01. The omitted structural cooperative 
relationships are: 

claims 14, 17 and 20 recite an electric-discharge generation counter for 
counting in response to the waveform an electric-discharge generation count Nd 
during the predetermined sampling time Ts without associating the electric- 
discharge generation counter with the claimed structure; 

claims 15-16, 18-19 and 21 merely recite mathematical formulas and 
functional limitations but do not add any structure to the apparatus; and 

claims 1 5-21 do not recite an element for controlling a machining axis so 
that Vg agrees with SV. 

Claims 22-25 rejected under 35 U.S.C. 112, second paragraph, as being 
incomplete for omitting essential steps, such omission amounting to a gap 
between the steps. See MPEP § 21 72.01 . The omitted steps are: 
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claims 22-25 do not recite active steps for determining all of the recited 
variables; and 

claim 22-25 do not recite a step where Vg agrees with SV. 
Claims 14, 17, 20, 22 and 25 recite the limitation "the waveform". There is 
insufficient antecedent basis for this limitation in the claim. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for 
all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 1 02 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 
148 USPQ 459 (1966), that are applied for establishing a background for 
determining obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at 
issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

This application currently names joint inventors. In considering 
patentability of the claims under 35 U.S.C. 103(a), the examiner presumes that 
the subject matter of the various claims was commonly owned at the time any 
inventions covered therein were made absent any evidence to the contrary. 
Applicant is advised of the obligation under 37 CFR 1 .56 to point out the inventor 
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and invention dates of each claim that was not commonly owned at the time a 
later invention was made in order for the examiner to consider the applicability of 
35 U.S.C. 1 03(c) and potential 35 U.S.C. 1 02(e), (f) or (g) prior art under 35 
U.S.C. 103(a). 

Claims 14-25 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over US 5,598,075 A to Liang et al., hereinafter, "Liang." 
Liang discloses: 

Regarding claim 14: an electric-discharge machining apparatus for 
controlling a machining axis so that a machining average voltage Vg during a 
predetermined sampling time Ts agrees with a servo standard voltage SV (Fig. 3; 
col 3, In 21 -36 and col 4, In 1 -23), the apparatus comprising: 

an electric power supplier for supplying electric power between electrodes 
of a tool electrode (discharging electrode) and a target (workpiece) to be 
machined (Fig. 3 and col 3, In 21-36); 

an electric-discharge detection circuit (discharge detection circuit 8) for 
detecting the waveform of electric discharge generating between the electrodes 
based on the electric power supplied by the electric power supplier (col 3, In 21- 
36); 

an electric-discharge generation counter for counting in response to the 
waveform an electric-discharge generation count Nd during the predetermined 
sampling time Ts (short-circuit detection circuit, coupled to discharge detection 
circuit, counts discharge) (col 2, In 45-50); 
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a calculator (averaging circuit 12) for calculating an estimation average 
voltage Vgs between the electrodes (Fig. 3 and 4; col 3, In 37-67); and 

an electrode-position controller (servo control apparatus) for controlling 
the machining axis (col 4, In 1-23) so that the estimation average voltage Vgs 
calculated by the calculator agrees with the servo standard voltage SV during the 
sampling time Ts (col 2, In 38-58); 

Regarding claim 17: an electric-discharge machining apparatus (Fig. 3 
and col 3, In 21 -36) for controlling a machining axis so that a machining average 
voltage Vg during a predetermined sampling time Ts agrees with a servo 
standard voltage SV (Fig. 3; col 3, In 21-36 and col 4, In 1-23), the apparatus 
comprising: 

an electric power supplier for supplying electric power between electrodes 
of a tool electrode (discharging electrode) and a target (workpiece) to be 
machined (Fig. 3 and col 3, In 21-36); 

an electric-discharge detection circuit (discharge detection circuit 8) for 
detecting the waveform of electric discharge generating between the electrodes 
based on the electric power supplied by the electric power supplier (col 3, In 21- 
36); 

an electric-discharge generation counter (discharge detection circuit 8 and 
short-circuit detection circuit 9) for counting in response to the waveform an 
electric-discharge generation count Nd during the predetermined sampling time 
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Ts (short-circuit detection circuit, coupled to discharge detection circuit, counts 
discharge) (col 2, In 45-50); 

a short-circuit generation counter (discharge detection circuit 8 and short- 
circuit detection circuit 9) for counting a short-circuit count N1 of short-circuit 
electric discharge in which the voltage of electric discharge accompanied by the 
applied voltage supplied by the electric power supplier is lower than a 
predetermined short-circuit threshold voltage Vsh (col 2, In 40-50 and col 3, In 
25-45); 

a small unloading electric-discharge counter (voltage divider 7 and 
sample-and-hold circuit 1 1 ) for counting a small unloading electric-discharge 
count N2 of electric discharge to which the applied voltage supplied by the 
electric power supplier changes within a predetermined small unloading time Tdo 
(Fig. 2-4; col 3, In 21-55); 

a calculator (averaging circuit 12) for calculating an estimation average 
voltage Vgs between the electrodes (Fig. 3 and 4; col 3, In 37-67); and 

an electrode-position controller (servo control apparatus) for controlling 
the machining axis (col 4, In 1-23) so that the estimation average voltage Vgs 
calculated by the calculator agrees with the servo standard voltage SV during the 
sampling time Ts (col 2, In 38-58); 

Regarding claim 20: an electric-discharge machining apparatus (Fig. 3 
and col 3, In 21 -36) for controlling a machining axis so that a machining average 
voltage Vg during a predetermined sampling time Ts agrees with a servo 
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standard voltage SV (Fig. 3; col 3, In 21-36 and col 4, In 1-23), the apparatus 
comprising: 

an electric power supplier for supplying electric power between electrodes 
of a tool electrode (discharging electrode) and a target (workpiece) to be 
machined (Fig. 3 and col 3, In 21-36); 

an electric-discharge detection circuit (discharge detection circuit 8) for 
detecting the waveform of electric discharge generating between the electrodes 
based on the electric power supplied by the electric power supplier (col 3, In 21- 
36); 

an electric-discharge generation counter (discharge detection circuit 8 and 
short-circuit detection circuit 9) for counting in response to the waveform an 
electric-discharge generation count Nd during the predetermined sampling time 
Ts (short-circuit detection circuit, coupled to discharge detection circuit, counts 
discharge) (col 2, In 45-50); 

a small unloading electric-discharge counter (Fig. 2 and 4; col 3, In 21-55); 

a calculator (averaging circuit 12) for calculating an estimation average 
voltage Vgs between the electrodes (Fig. 3 and 4; col 3, In 37-67); and 

an electrode-position controller (servo control apparatus) for controlling 
the machining axis (col 4, In 1-23) so that the estimation average voltage Vgs 
calculated by the calculator agrees with the servo standard voltage SV during the 
sampling time Ts (col 2, In 38-58); 
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Regarding claim 22: an electric-discharge machining method of controlling 
a machining axis (col 1 , In 51 -52) so that a machining average voltage Vg during 
a predetermined sampling time Ts agrees with a servo standard voltage SV (col 
3, In 46-67 and col 4, In 1-23), the method comprising: 

a step of detecting the waveform of electric discharge generating, based 
on supplied electric power, between electrodes of a tool electrode and a target to 
be machined (Fig. 2 and 3; col 3, In 20-30); 

a step of counting in response to the waveform an electric-discharge 
generation count Nd during the predetermined sampling time Ts (col 3, In 30-35); 

a step of calculating an estimation average voltage Vgs between the 
electrodes (col 3, In 55-67); and 

a step of controlling the machining axis so that the estimation average 
voltage Vgs calculated agrees with the servo standard voltage SV within the 
sampling time Ts (col 4, In 1 -23); and 

Regarding claim 25: an electric-discharge machining method of controlling 
a machining axis (col 1 , In 51 -52) so that a machining average voltage Vg during 
a predetermined sampling time Ts agrees with a servo standard voltage SV (col 
3, In 46-67 and col 4, In 1-23), the method comprising: 

a step of detecting the waveform of electric discharge generating, based 
on supplied electric power, between electrodes of a tool electrode and a target to 
be machined (Fig. 2 and 3; col 3, In 20-30); 
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a step of counting in response to the waveform an electric-discharge 
generation count Nd during the predetermined sampling time Ts (col 30-35); 

a step of calculating an estimation average voltage Vgs between the 
electrodes(col 3, In 55-67); and 

a step of controlling the machining axis so that the estimation average 
voltage Vgs calculated agrees with the servo standard voltage SV during the 
sampling time Ts (col 4, In 1 -23). 



Liang fails to disclose: 

Regarding claim 14: calculating an estimation average voltage Vgs 
between the electrodes, based on: 

Ts 

where Nd is the electric-discharge generation count, V0 is a predetermined 
applied voltage, Ton is a pulse width, Toff is a rest time, eg is an electric- 
discharge voltage, and Ts is the sampling time (as recited in claim 14); 



a short-circuit generation counter for counting a short-circuit count N1 of 
short-circuit electric discharge in which the voltage of electric discharge 
accompanied by the applied voltage supplied by the electric power supplier is 
lower than a predetermined short-circuit threshold voltage Vsh, wherein 
calculation of the estimation average voltage Vgs by the calculator is 
compensated (as recited in claim 15); 
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the estimation average voltage Vgs is calculated by: 

Vgs - V0 - (rcm(V0 - eg)* Toff % VQ}~ ~ {VH x (Ton + TblSf}} 

Ts 7s 

(as recited in claim 16); 

calculating an estimation average voltage Vgs between the electrodes, 
based on the electric-discharge generation count Nd, the short-circuit count N1, 
the small unloading electric-discharge count N2, and the abnormal electric- 
discharge count N3 (as recited in claim 17); 



the estimation average voltage Vgs is calculated considering rest-time 
extension based on the electric-discharge generation other than normal 
electric-discharge generation (as recited in claim 18); 

the estimation average voltage Vgs is calculated by: 



~r {vo(Tb/? + Toff}} - ™ Mm x Tom * m x Toffst * m x Tomi\\ 



where Toffsl is a rest time according to the short circuit, Toffs2 is a rest time 
according to the small unloading electric discharge, and Toffs3 is a rest time 
according to the abnormal electric discharge (as recited in claim 19); 



Application/Control Number: 10/585,861 



Page 12 



Art Unit: 3742 

a small unloading electric-discharge counter for counting a small 
unloading electric-discharge count N2 of electric discharge to which electric 
discharge accompanied by the applied voltage supplied by the electric power 
supplier changes within a predetermined small unloading time Tdo; a calculator 
for calculating an estimation average voltage Vgs between the electrodes, based 
on the electric-discharge generation count Nd, and the small unloading electric- 
discharge count N2 (as recited in claim 20); 

the small unloading time Tdo is set to 0.3-0.5 times a limited unloading 
time Tds calculated based on the average current density Id of the electric 
discharge (as recited in claim 21); 

calculating an estimation average voltage Vgs between the electrodes, 
based on the electric-discharge generation count Nd, and based on: 



where V0 is a predetermined applied voltage, Ton is a pulse width, Toff is a rest 
time, eg is an electric-discharge voltage, and Ts is the sampling time (as recited 
in claim 22); 




the estimation average voltage Vgs is obtained by counting a short-circuit 
count N1 of short-circuit electric discharge in which the voltage of electric 
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discharge accompanied by the applied voltage supplied by an electric power 
supplier is lower than a predetermined short-circuit threshold voltage Vsh, and by 
compensating using: 

Vgs * V0 ~ {Ton(V0 ~ Toff x V0] - f/0 x (Too -f Tbff)} 

(as recited in claim 23); 



the estimation average voltage Vgs is obtained by counting a short-circuit 
count N1 of short-circuit electric discharge in which the voltage of electric 
discharge accompanied by the applied voltage supplied by an electric power 
supplier is lower than a predetermined short-circuit threshold voltage Vsh, a 
small unloading electric-discharge count N2 of electric discharge to which the 
applied voltage supplied by the electric power supplier changes within a 
predetermined small unloading time Tdo, and an abnormal electric-discharge 
count N3 of abnormal electric discharge whose voltage reaches a lower value 
than a predetermined abnormal electric-discharge threshold voltage Vng, and by 
using: 

Vgs** m - Nd ~ m p-oHyo -eg)+ TatfxV$ 
t s 

hi] t 

- f 1 &Q{Ton + Toff)} ~ ~- {V0(WI * Toffm * N2 % ToWsl + AO x Tofifc*}} 
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where Toffsl is a rest time according to the short circuit, Toffs2 is a rest 
time according to the small unloading electric discharge, and Toffs3 is a rest time 
according to the abnormal electric discharge (as recited in claim 24); and 

a step of counting a small unloading electric-discharge count N2 of electric 
discharge to which electric discharge accompanied by the applied voltage 
supplied by an electric power supplier changes within a predetermined small 
unloading time Tdo; and calculating an estimation average voltage Vgs between 
the electrodes, based on the electric-discharge counts Nd, and N2 (as recited in 
claim 25). 

However, regarding claims 14-25, it would have been obvious to one of 
ordinary skill in the art at the time of invention to derive equations for calculating 
an estimation average voltage Vgs based on a variety of equations, circuits and 
variables disclosed in Liang. Applicant is reminded that patentability should not 
be based on a mathematical formula. See MPEP 2106.02. Liang discloses time 
values corresponding to the claimed time values, count values, voltages and 
current. Liang discloses the time values of Fig. 2 as well as the elements of the 
circuits of Fig. 5 and 6. It would have been obvious to one of ordinary skill to 
consider times and waveform diagrams such as those of Fig. 2 and 4 of Liang for 
the circuits of Fig. 5 and 6 of Liang. Liang further discloses count values 
corresponding to the claimed count values. Liang discloses counts related 
discharge, short-circuit condition and abnormal electric discharge (col 2, In 40-50 
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and col 3, In 30-36). It would have been obvious to one of ordinary skill to 
consider counts for the values and circuits of Fig. 2-4 based on the count values 
and circuits of Liang. Liang also discloses a number of voltage variables and 
calculations (col 1 , In 25-45, col 2, In 5-37 and col 3, In 21-67) along with the 
circuits of Fig. 3, 5 and 6 which correspond to the claimed voltages. It would 
have been obvious to one of ordinary skill to consider voltages for the circuits of 
Liang and derive equations for calculating average voltage based on the 
voltages, average voltage equations and circuits of Liang. It is also noted that it 
would have been obvious to one of ordinary skill in the art to consider current 
density, as current is associated with the voltages and circuits of Liang and 
current is also mentioned in Liang (col 4, In 2-4). Moreover, Liang discloses 
monitoring and calculating average voltage in order to allow the servo control 
apparatus to respond quickly to retreat the discharging electrode, along an axis, 
away from the working piece to prevent or reduce damage to the discharging 
electrode (Liang: col 3, In 55-67 and col 4,ln 1-23). 



Conclusion 

Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to ERIC STAPLETON whose telephone number 
is (571)270-3492. The examiner can normally be reached on Monday - 
Thursday. 
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If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Henry Yuen, can be reached on (571) 272-4856. The fax 
phone number for the organization where this application or proceeding is 
assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from 
the Patent Application Information Retrieval (PAIR) system. Status information 
for published applications may be obtained from either Private PAIR or Public 
PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll- 
free). If you would like assistance from a USPTO Customer Service 
Representative or access to the automated information system, call 800-786- 
9199 (IN USA OR CANADA) or 571-272-1000. 



IE. S./ 

Examiner, Art Unit 3742 
September 9, 201 1 



/Henry Yuen/ 

Supervisory Patent Examiner, Art 
Unit 3742 



